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Abstract
Zero-field µSR experiments in the heavy-fermion alloys Ce1−xLaxAl3, x = 0 and
0.2, examine a recent proposal that the system exhibits a strong anisotropic Kondo
effect. We resolve a damped oscillatory component for both La concentrations, in-
dicative of disordered antiferromagnetism. For x = 0.2 the oscillation frequency
decreases smoothly with increasing temperature, and vanishes at the specific heat
anomaly temperature T∗ ≈ 2.2 K. Our results are consistent with the view that T∗
is due to a magnetic transition rather than anisotropic Kondo behavior.
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The theory of the anisotropic Kondo model (AKM) has been studied exten-
sively in recent years. In spite of this interest there have been few experimental
studies of physical realizations of the AKM in systems of local d or f moments
in metals, which were the earliest manifestations of the “ordinary” Kondo
effect.
The heavy-fermion compound CeAl3 was long thought to exhibit a nonmag-
netic “Kondo-lattice” ground state. µSR [1] and NMR [2] studies showed, how-
ever, that inhomogeneous weak-moment magnetic order sets in below ∼1 K.
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Moreover, as lanthanum is doped onto cerium sites the specific heat coeffi-
cient γ(T ) = C(T )/T is drastically modified, and a maximum in γ(T ) at a
characteristic temperature T∗ (≈ 0.4 K in CeAl3) moves up in temperature
and grows into a large peak [3]; T∗ = 2.2 K for x = 0.2. This behavior was
initially taken as evidence for development of a weak-moment magnetically
ordered phase of CeAl3, and attributed to reduction of the hybridization be-
tween Ce f electrons and ligand-derived conduction electrons.
This interpretation has been called into question [4] on the basis of inelastic
neutron scattering experiments on Ce0.8La0.2Al3, which found a broad inelastic
peak below T∗. This peak was taken as evidence for applicability of the AKM
to the Ce1−xLaxAl3 system. Zero-field µ
+ spin relaxation (ZF-µSR) experi-
ments [5] at the ISIS pulsed muon facility [4] indicated magnetic freezing at
T = T∗, but the frozen moment was claimed to be weak (∼0.05 µB/Ce ion),
principally because no neutron diffraction peak was observed. Recent ZF-µSR
studies [6], also carried out at ISIS, conclude that for x = 0.05 the magnetic
freezing persists to temperatures well above T∗. This is taken as further evi-
dence that the specific heat peak at T∗ reflects the anisotropic Kondo effect
and is unrelated to spin freezing.
Specific heat measurements in Ce0.8La0.2Al3 at applied fields of up to 14 T [7]
disagree with the theoretical behavior of the AKM, however. Furthermore, the
argument for applicability of the AKM depends strongly on evidence that the
frozen moments are small, viz., the absence of neutron Bragg peaks. Neutron
diffraction would not necessarily be sensitive to spin freezing of a glassy nature
or short-range order, however, whereas the ZF-µSR relaxation rate reflects spin
freezing independently of the degree of long-range order.
We have carried out ZF-µSR experiments in Ce1−xLaxAl3, x = 0 and 0.2, at
TRIUMF and PSI. For x = 0.2 we observe a strongly damped but resolved
oscillation in the muon asymmetry data at low temperatures, as shown in
Fig. 1. For both La concentrations the precession frequency disappears at T∗,
in disagreement with the results of Ref. [6] for x = 0.05, and in agreement with
the expected result if T∗ were a magnetic ordering transition temperature.
The strong damping indicates a distribution of static local fields at muon
sites, as might be expected in a strongly disordered substitutional alloy, but
the oscillation reflects a fairly well-defined average local field. For comparison
with the analysis of Ref. [6] asymmetry data for both La concentrations were
fit assuming magnetic and nonmagnetic volume fractions; a “damped cosine”
form was used for the precessing signal. The form of the relaxation function
is
G(t) = Am
[
2
3
exp(−λT t) cos(2piνt + φ) +
1
3
exp(−λLt)
]
+ AnGKT(t) . (1)
Here the relaxation from the magnetic volume fraction fmag is modeled by the
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Fig. 1. Ce0.8La0.2Al3 asymmetry relaxation function.
component with asymmetry amplitude Am. The static field at the muon site is
assumed to be randomly oriented. Relaxation of muons in the remaining non-
magnetic fraction is due to nuclear dipolar fields and is described by a static
Kubo-Toyabe function GKT(t) [5]; thus fmag = Am/(Am+An). The relaxation
rates λT and λL characterize the transverse and longitudinal relaxation, re-
spectively; the former is expected to be dominated by static disorder whereas
λL reflects dynamic spin-lattice relaxation. The qualitative features of the fits
are unchanged if the damped Bessel function found by Amato in CeAl3 [8] is
used.
The temperature dependence of the fit parameters is given in Fig. 2. It can
be seen that ν(T ) (a) is independent of x at low temperatures, (b) decreases
markedly as T∗ is approached from below, and (c) is suppressed to zero at
T = T∗ for x = 0.02. Unfortunately the muon stopping site in CeAl3 is not
known, otherwise the ordered moment µord could be estimated accurately.
Amato [8] gives a range µord = 0.11–0.5 µB/Ce ion in CeAl3, which is 2–10
times larger than the value reported in Ref. [4]. The entropy release at T∗
implies µord ≈ 0.3 µB/Ce ion [3], comparable to values obtained from NMR
and other measurements [9].
In CeAl3 ν(T ) is not completely suppressed to zero and λT (T ) increases rapidly
at T∗. This is not necessarily a sign of a first-order transition since it can
be understood as an effect of inhomogeneity in the transition temperature,
as observed in La2CuO4 [10]. No such increase in broadening is observed in
Ce0.8La0.2Al3. CeAl3 also exhibits a decrease of fmag as T
∗ is approached from
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Fig. 2. Temperature dependence of (a) magnetic volume fraction fmag(T ), (b) pre-
cession frequency ν(T ), (c) transverse relaxation rate λT (T ), and (d) longitudinal
relaxation rate λL(T ) from ZF-µSR in Ce1−xLaxAl3, x = 0 and 0.2.
below; this is also not seen in Ce0.8La0.2Al3.
In conclusion, our ZF-µSR data are consistent with a scenario [3,7] in which
the specific heat anomaly in Ce1−xLaxA3 is associated with the onset of static
magnetism below T∗, with or without long-range order. In particular, there
is no sign of such static magnetism above this temperature in Ce0.8La0.2Al3.
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